Objective: Scutellaria luteo-caerulea Bornm. & Snit. is one of the species of genus Scutellaria, within the family of the Lamiaceae, that is used for immune system stimulation and antibacterial effects in traditional medicine in Iran. The aims of this study were to analyze essential oils and mineral element contents of leaves of S. luteocaerulea in flowering stage of development.
Introduction
In recent years, medicinal plants have been widely used in the treatment and prevention of diseases because they have lower cost and fewer adverse effects in the body. The genus Scutellaria is a diverse and widespread genus within the family of the Lamiaceae (the mint family). They have over 350 species, commonly called skullcaps, and are found worldwide from Siberia to the tropics of South and North America, on the islands of Japan, and throughout a large part of Europe and Asia (Cole et al., 2007) . This is a very distinctive genus in several morphological characters; perhaps the most obvious is the little crest (scutellum, literally a little shield) across the top of the calyx, the origin of the generic name (Michigan Flora Online,http://michiganflora.net/genus.aspx?i d=Scutellaria).
The extracts of this genus possess antitumor (Dai et al., 2011; Fang et al., 2012; Yin et al., 2004; Yu et al., 2007) , hepatoprotective (Lin and Shieh, 1996) , antioxidant (Ye and Huang, 2012; Yuan et al., 2011) , anti-inflammatory (Jung et al., 2012; Zhang et al., 2012) , anticonvulsant (Liu et al., 2012) , antibacterial (Lu et al., 2012; Pant et al., 2012) , and antiviral (Tayarani-Najaran et al., 2012; Zandi et al., 2012) effects.
S. luteo-caerulea Bornm. & Sint. is found in the most region of Iranian plateau, such as Turkmenistan, and Iran. This species is very similar to S.
multicaulis, but distinct according to the color and size of corolla and shape of the leaves (Bor, 1970) . In Iran, it is grown in the eastern provinces including Northern, Razavi, and Southern Khorasan and Sistan and Baluchistan and locally named Boshghabi Eshghabadi (Bor, 1970) . Geographical distribution and shape of this Persian plant are shown in Figure 1 . Essential oils, also known as ethereal oils, are aromatic and largely volatile compounds. They are commonly extracted by steam distillation or solvent extraction and are usually devoid of long-term genotoxic risks (Bakkali et al., 2008; Benchaar et al., 2008 (Shang et al., 2010) . On the other hand, mineral elements play important roles in biological reactions and have structural functions. Therefore, scientists attempt to determine their concentration levels with different methods such as atomic absorption spectrometry (Hicsonmez et al., 2009 
Extraction of essential oil
Bulked plant's leaves were used as the crude source, dried in the shade and powdered by the grinder. One hundred twenty gram of dried powder was exposed to hydrodistillation for 3 h using a Clevengertype apparatus. The obtained essential oil was collected and anhydrous sodium sulfate was used to absorb the small amount of water containing essential oil. The essential oil was then stored at 4 °C until use.
Essential oil analysis
The essential oil was analyzed by GC/MS. GC analyses were performed using an Agilent 6890 GC, equipped with a HP-5 capillary column, 30 m length, 0.25 mm I.D. and 0.25μm stationary phase film thickness, and an Agilent 5973 mass selective detector. For GC-MS detection, an ESI system with the ionization energy of 70 eV was used. Helium (99.999%) was used as the carrier gas, at the flow rate of 1 ml/min. The injection port temperature was set at 250 °C, column temperature was initially kept at 40 °C for 1 min, and then gradually increased to 240 °C at the rate of 3 °C /min. The components were identified by comparing their mass spectra with those in the GC/MS library and literature (Adams, 2001 ) and by comparing their relative retention times with those of authentic samples on the HP-5 MS capillary column (Table 1) .
Flame atomic absorption spectroscopy (FAAS) with microwave digestion
In order to measure the concentration of mineral elements such as Ca 2+ , K + , Na + , Mg 2+ , Mn 2+ , Cr 3+ , and Fe 2+ , method described by Rechcigl and Payne (1990) was used. Briefly, 0.5 g of dried powdered sample was digested with 10 ml of concentrated nitric acid and then was placed inside a domestic microwave oven. The sample was irradiated at a 900 W power and 250 °C temperature for 10 min. Then, 5 ml of concentrated HCl was added and irradiation was continued for another 5 min. After digestion, the vessel was cool and then 10 ml of double distilled water was added and the mixture was filtered by Whatman No. 42 filter paper and diluted with double distilled water to a final volume of 100 ml. The solution was used for elemental analysis by atomic absorption spectrometer PU 9100X (Philips Scientific).
Statistical analysis
The results of the three replicates of mineral element contents were pooled and expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) and Tukey were carried out using SPSS version 16. Significance was accepted at p<0.05.
Results
Hydrodistillation of the dried leaves of S. luteo-caerulea yielded 0.33% (v/w) of a yellowish essential oil. Ninety-seven compounds, representing 89.04% of the oil, were identified. Quantitative and qualitative analytical results are shown in Table 2 . The essential oil consisted mainly of sesquiterpene hydrocarbons and oxygenated monoterpene. Trans-caryophyllene (24.8%), germacrene-D (7.9%), α-humulene (4.9%), and patchoulene(4.7%) were the main sesquiterpene hydrocarbons, whereas linalool (7.4%) and pulegone (1.1%) were the main oxygenated monoterpenes. The values of several oxygenated sesquiterpene, such as caryophyllene oxide (3.8%), tau-cadinol (1.4%), and t-muurolol (1.2%) were also significant. The GC-MS chromatogram of essential oils of S. luteocaerulea was shown in Figure 2 . In this figure, only components that had higher than 0.1 % value were numbered. Mineral elements of leaves of S. luteo-caerulea were shown in Table 3 . According to our founding, Ca 2+ (65.14±1.95 µg/ml) and K + (64.67±3.10 µg/ml) had the highest concentrations followed by Mg 2+ (7.07±1.02).
Figure 2. The GC-MS chromatogram of essential oils of S. luteo-caerulea. Only components that had higher than 0.1 % value were numbered. Component number according to Table 2 .
Discussion
In this study, the therapeutic valency of the S. luteo-caerulea Bornm. & Snit. was measured by analysis of the essential oils and mineral element contents of leave part of this plant. Essential oils of S. luteo-caerulea Bornm. & Snit. had not been evaluated previously, but several studies were conducted for other species and subspecies. Skaltsa and their colleagues reported that linalool was the main compound of the oil of S. albida ssp. albida (Skaltsa et al., 2000a) and found it in high amounts in other species including S. sieberi and S. rupestris ssp. adenotricha (Skaltsa et al., 2005b) . The essential oil contents of Scutellaria pinnatifida was evaluated by Ghannadi and Mehregan (2003) . Their results demonstrated that germacrene-D and beta-caryophyllene were the most essential oils that found in the aerial parts of this widespread Iranian Skullcaps.
In another study by Yu et al. (2004) , the essential oils of leaves of S. barbata from China was evaluated. They reported that the main components of the oil was hexahydrofarnesyl acetone followed by 3,7,11,15-tetramethyl-2-hexadecen-1-ol, menthol and 1-octen-3-ol. Yaghmai (1988) described that β-cadinene and calamenene were the major components of the oils of S. lateriflora along with β-elemene, α-cubebene, and α-humulene. Caryophyllenes were the main compounds of S. rubicunda subsp. linnaeana reported by Rosselli et al. (2007) .
In another part of this study, sample preparation with microwave digestion was used for mineralization of this plant. This method was faster and easier than the old digestion method such as wet and dry ashing. Totally, seven different minerals were existed in this plant as different levels. Analytical results of all the analyzed elements in this plant were given in Table 3 . The results showed high concentrations of Ca 2+ and K + and low concentration of Na + , Cr 3+ , and Fe 2+ in the plant. Calcium is an essential element that is found in high concentrations in plants (Hicsonmez et al., 2009 ) and plays different roles such as structural, in the cell wall and membranes, a counter-cation for inorganic and organic anions, in the vacuole, and an intracellular messenger in the cytosol (Marschner, 1995) . Another main element in S. luteo-caerulea Bornm. & Snit. is K + . It is needed for activation of some enzymes, protein synthesis in ribosomes, turgor provision, and water homeostasis and also plays roles in photosynthesis (Maathuis, 2009) .
The content of nine mineral elements in the root, stem, and leaf of S. baicalensis was evaluated by Zhu et al. (2011) . Their results showed that the main mineral elements in all three parts were K + , Ca 2+ , Mg 2+ , P 
